Objective: During the consensus meetings of the National Institute of Mental Health Measurement and Treatment Research to Improve Cognition in Schizophrenia (NIMH-MATRICS) Initiative, the U.S. Food and Drug Administration took the position that a drug for this purpose should show changes on 1) an accepted consensus cognitive performance measure and 2) an additional measure (i.e., a co-primary) that is considered functionally meaningful. The goal of the current study was to describe steps to evaluate four potential co-primary measures for psychometric properties and validity.
The National Institute of Mental Health Measurement and Treatment Research to Improve Cognition in Schizophrenia (NIMH-MATRICS) Initiative was created to stimulate the development of cognition-enhancing drugs for schizophrenia (1) (2) (3) . As described in two other articles (4, 5) , a key deliverable for the MATRICS Initiative was the selection, through a broad-based multidisciplinary consensus process, of a standard cognitive battery: the MATRICS Consensus Cognitive Battery (6) . The U.S. Food and Drug Administration (FDA) indicated at the MATRICS meetings that significant improvement on a consensus cognitive performance endpoint would be necessary, but not sufficient, for drug approval. In addition to changes in cognitive performance, the FDA will require improvements on a functionally meaningful co-primary measure that would have more face validity for consumers and clinicians than cognitive performance measures (3) . This requirement presents a notable challenge because of the absence of accepted or validated co-primary measures for this purpose.
One possible co-primary measure might be an assessment of community functioning. However, change in community status (e.g., return to work, increased social relationships, or higher degree of independent living) involves many intervening variables (both personal and social factors) that act between underlying cognitive processes and these functional outcomes. These intermediate steps would make it difficult to see the functional benefits of cognition-enhancing effects (7) (8) (9) (10) . Similarly, improvements in cognition would be expected to take considerable time to translate into functional improvements (11) . Finally, changes in daily functioning would depend on nonbiological factors that are typically uncontrolled in clinical trial studies (e.g., the availability of psychosocial rehabilitation, social support networks, local employment rates, and training opportunities). Hence, alternative coprimary measures were considered that might change more directly and on a comparable time course with cognitive improvement. Such measures include standardized
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Functional capacity refers to an individual's capacity for performing key tasks of daily living. To assess functional capacity, participants simulate in the clinic such realworld activities as holding a social conversation, preparing a meal, or taking public transportation (12, 13) . Good performance on such measures does not mean that a person will perform the tasks in the community, but it does mean that the person could perform the task if he or she had the opportunity and was willing. Because performance on measures of functional capacity do not depend on social and community opportunities, they are more likely to be temporally linked with treatment-related changes in underlying cognition.
Another approach for co-primary measures was to consider interview-based assessments of cognitive abilities. Different interview-based approaches to cognition have been used, including asking people to estimate their own cognitive abilities or asking subjects to estimate the extent to which their daily lives are affected by cognitive impairment. Interview-based approaches present a challenge because it is often difficult for individuals (healthy subjects as well as patients) to estimate their own performance abilities (14, 15) . Recently, some cognitive assessment interviews have been developed in which the ratings of psychotic patients are supplemented with ratings from informants (e.g., caregivers), an approach that might have advantages over previous assessments that used only selfreports (16, 17) .
The goal of the current study was to evaluate the reliability, validity, and appropriateness for use in clinical trials of four potential co-primary measures: two measures of functional capacity and two interview-based measures of cognition. With this goal in mind, these four measures were added to the MATRICS Psychometric and Standardization Study (PASS) and assessed for their test-retest reliability, utility as a repeated measure, relationship to cognitive performance, relationship to outcome, practicality/ tolerability, and number of missing data.
Method
The complete methods for this study are presented online (the data supplement is available at http://ajp.psychiatryonline.org). A brief summary is presented here.
The data in this article are part of the five-site MATRICS PASS. Phase 1 was conducted with 176 schizophrenia patients tested twice at a 4-week interval (4), and phase 2 included 300 community subjects to collect co-norming data for the tests in the final battery (5) . To evaluate the co-primary measures, we used a similar approach to that used to evaluate the cognitive performance measures and considered 1) test-retest reliability, 2) utility as a repeated measure, 3) relationship to functional status, 4) tolerability/practicality, and 5) number of missing data. In addition, we evaluated the degree to which co-primary measures correlated with cognitive performance (3).
Based on discussions at consensus meetings and recommendations of the MATRICS Outcomes Committee (1) (A. Bellack, chair), two approaches to co-primary measures were considered: measures of functional capacity and self-report measures of cognition. Two measures were selected from each approach. Unlike the large consensus and data collection process that was used to select cognitive performance tests for the MATRICS Consensus Cognitive Battery, the selection of potential co-primary measures was based on expert recommendations from the committee. The functional capacity measures were the Maryland Assessment of Social Competence (13) and the University of California at San Diego (UCSD) Performance-Based Skills Assessment (18) . The interview-based measures of cognition were the Schizophrenia Cognition Rating Scale (16) and the Clinical Global Impression of Cognition in Schizophrenia (17) .
Cognitive performance was assessed with the MATRICS Consensus Cognitive Battery (4, 5). As described more fully in the first article (4), community functioning was assessed with variables from the Birchwood Social Functioning Scale (19) , supplemented with work and school items from the Social Adjustment Scale (20) .
Results

Study Group
The study group for these analyses is the same as described in the first article (4): across the five performance sites, 176 patients were assessed at baseline and 167 were assessed at the 4-week follow-up.
Test-Retest Reliability
The results for test-retest reliability are shown in Table 1 . The table shows the intraclass correlation coefficient (ICC), which takes into account changes in mean level. Both the ICC and Pearson's r are shown in the online data supplement; differences for the two statistics were minor. The testretest reliability was good across measures; a correlation of 0.70 or greater is generally considered to be acceptable testretest reliability for clinical trials, and most of the tests were in that range or higher. The one exception was the medication management component of the UCSD PerformanceBased Skills Assessment that had relatively low reliability. As mentioned above, this was a secondary measure of the 
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UCSD Performance-Based Skills Assessment. For the selfreport measures, the reliability was slightly higher for the interviewers and informants than for the patients.
Utility as a Repeated Measure
Tests are considered useful for clinical trials if they show a relatively small practice effect or, if they have a practice effect, the effect is not so large that subjects' scores approach the ceiling. To examine a test's utility as a repeated measure, we assessed scores at baseline and 4 weeks later, change scores, the variability of change, and the number of administrations at which the subjects performed at the ceiling or floor, defined as the best or worst score possible on the test (shown in Table 2 ). Note that in some of the tables, the direction of scoring differs among test indices. Scores for which lower is better are noted. The practice effects were generally small, and the highest was for the UCSD Performance-Based Skills Assessment total score (Cohen's d= 0.23). Other effect sizes for practice effects with the co-primary measures were small, but some were statistically significant with the large group size. Finally, a few tests showed ceiling effects, including the medication management component of the UCSD Performance-Based Skills Assessment, the patient report on the Schizophrenia Cognition Rating Scale, the nonverbal score from the Maryland Assessment of Social Competence, and the total score from the UCSD Performance-Based Skills Assessment.
Relationship to Cognitive Performance
Because the co-primary measures are intended to serve as face valid indicators of the consequences of underlying changes in cognition, it is important that they correlate with cognitive performance. We examined the correlations of the co-primary measures with each of the components of the MATRICS Consensus Cognitive Battery (in the data supplement), as well as a composite score from the 10 tests (shown in Table 3 ). For this purpose, the composite score was calculated by standardizing each of the cognitive tests (mean of 0 and SD of 1) and then summing the standardized scores. The MATRICS Consensus Cognitive Battery scoring program now has a more systematic way to derive a composite score that involves two renorming steps, first for each of the domain scores that have multiple measures and second for the final composite score. We present the simplified composite score in this article because the PASS data were collected and analyzed before the MATRICS Consensus Cognitive Battery scoring program existed, so the data in Table 4 are those that were reviewed by the MATRICS Neurocognition Committee and submitted to NIMH and the FDA. To compare the strength of correlations among measures, we included only subjects with complete data on all four measures (i.e., listwise deletion, N=156). The correlation between the UCSD Performance-Based Skills Assessment total score and cognitive performance was significantly higher than for both interview-based summary measures (Schizophrenia Cognition Rating Scale-interviewer and Clinical Global Impression of Cognition in Schizophrenia-neurocognitive state composite) (t=4.13, df=153, p=0.001). The UCSD Performance-Based Skills Assessment correlation with cognitive performance was also higher than the one for the 
Relationship to Self-Reported Functional Outcome
The sites differed substantially in the functional status of the patients (e.g., one site had only a single subject working, and another site consisted largely of patients in a long-term residential program). Because of these crosssite differences in functional status, the correlations between co-primary measures and functional outcome varied from site to site. Given this variability, we present correlations two ways: a correlation for all subjects across sites and also the median correlation across the five sites. Both of these methods tend to underestimate the correlations that would be observed if patients at all sites included a wide range of functional levels. However, the results (Table 4 ) allow for direct comparisons among the measures. Most of the correlations were modest, and there were no notable differences in the strength of the correlations across co-primary measures.
Tolerability/Practicality
Tolerability refers to the participant's perspective of a measure (i.e., how interesting, pleasant, or burdensome it is to take). Similar to what was done with the cognitive measures (4), the subjects were asked immediately after each co-primary measure to point to a number on a 7-point Likert scale (1=extremely unpleasant, 7=extremely pleasant) to indicate the degree to which they found the measure pleasant. Practicality refers to the administrator's view of the measure (i.e., how difficult it is to set up, train staff, administer, and score). Practicality was assessed with a 7-point Likert scale for setup, administration, and scoring, as well as a global score. The ratings were made by the administrators of the co-primary measures after completion of data collection for the entire group. Table 5 presents the data on tolerability and practicality, as well as the mean length of time for administration. For the two functional capacity measures, both tests were considered to be practical and tolerable, with the UCSD Performance-Based Skills Assessment generally rated higher than the Maryland Assessment of Social Competence. We did not record scoring as part of the practicality rating for the Maryland Assessment of Social Competence because that test was scored centrally, not at the local sites. However, a practical consideration is that this test required the additional step of centralized scoring, a process that typically required 20-30 minutes per assessment. For the two interview-based measures, both tests had acceptable ratings, with the Schizophrenia Cognition Rating Scale generally rated higher than the Clinical Global Impression of Cognition in Schizophrenia because it was easier to score and could be administered in roughly half the time. Of course, investigators desiring cognitive domain coverage might nevertheless prefer the Clinical Global Impression of Cognition in Schizophrenia. Table 6 shows the number of data missing across both assessments, not counting the nine missing assessments for the subjects who did not return for the retest. The number of missing data is quite small for both functional capacity measures, with the UCSD Performance-Based Skills Assessment showing fewer missing data than the Maryland Assessment of Social Competence. For the interview-based measures, the data collection was nearly complete for the patient interviews, but about 14% of the informant interviews (across both assessment periods) were missing. This pattern reflects the expected challenge in identifying and locating suitable informants for the patient participants in clinical trials.
Missing Data
Site Differences
We also evaluated site differences among representative measures from each of the four co-primary measures (effectiveness from the Maryland Assessment of Social Competence, total score from the UCSD Performance-Based Skills Assessment, and the interviewer's ratings from each self-report measure) with a series of one-way analyses of variance (ANOVAs). The UCSD Performance-Based Skills GREEN, NUECHTERLEIN, KERN, ET AL. 
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Assessment did not show significant differences across sites, but the other three measures did (Maryland Assessment of Social Competence effectiveness: F=3.39, df=4, 161, p<0.03; Schizophrenia Cognition Rating Scale-interviewer: F=6.67, df=4, 165, p<0.001; Clinical Global Impression of Cognition in Schizophrenia composite: F=20.73, df=4, 165, p<0.001). The differences across sites on these co-primary measures may be partially a result of the fact that the sites differed in terms of the average functional level of the patients. Hence, we view the differences as a reflection of actual group differences as opposed to a failure of cross-site reliability of administration.
Discussion
This article evaluated four potential co-primary measures that may be used in clinical trials of cognition-enhancing drugs for schizophrenia. Early discussions with the FDA indicated that approval of a cognition-enhancing drug for schizophrenia would require changes on a consensus measure of cognitive performance, as well as on a functionally meaningful co-primary measure. We considered four different potential co-primary measures, two measures each from two distinctive approaches: measures of functional capacity and interview-based measures of cognition. Several summary points can be drawn from these data. First, all four measures had acceptable test-retest reliability. An added component of the UCSD Performance-Based Skills Assessment (medication management) had lower reliability, perhaps because scores on this component tended to be at or near the ceiling. Second, most tests had adequate range. A practice effect was noted for the UCSD Performance-Based Skills Assessment total score. The measures with the most prominent ceiling effects included the medication management component of the UCSD Performance-Based Skills Assessment (which is separate from the main test) and the Schizophrenia Cognition Rating Scale-patient rating (which is not the primary rating for this interview). Third, the relationships to cognitive performance were notably higher for functional capacity measures (in particular the UCSD PerformanceBased Skills Assessment) than for the interview-based measures of cognition. This pattern is consistent with findings that interview-based assessments of cognition a Possible range=1 (very hard) to 7 (very easy). b Possible range=1 (extremely unpleasant) to 7 (extremely pleasant).
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The blind across measures was not absolute. The raters who administered the functional capacity measures also administered the cognitive performance tests (although the scoring for the Maryland Assessment of Social Competence was done centrally). The testers did not have access to any information on functional status or the interviewbased measures of cognition. The staff members who conducted the interview-based measures of cognition did not have access to the functional status interviews, but they were not fully blind to functional status because these measures include questions about the degree to which cognitive impairment interferes with activities of daily living. Another limitation of these data are that they were collected in the absence of cognitive change. One would ideally want to know the sensitivity of these measures to changes in cognition as opposed to measuring when the cognition was presumably stable. Questions about the sensitivity of co-primary measures to change in cognitive performance will await identification of a potent cognition-enhancing drug or perhaps could be examined in the context of cognitive remediation programs.
The relationships between the co-primary measures and functional status were somewhat lower than expected and lower than reported in other studies (10, 16) . The ratings of community functioning were based entirely on subject self-reports (not observation and not informants), which may have limited the validity of the ratings. In addition, the correlations may have been limited by substantial differences in functional status across the five sites and considerable variability in the size of the correlations across sites that may be attributable to instances of within-site community functioning homogeneity. At some sites, the range of community functioning was restricted by treatment setting constraints (e.g., residential treatment) that were not simply due to cognitive or functional capacity levels. A restricted range of within-site variance on the community functional status measure would be expected to reduce the magnitude of the correlations with co-primary measures. In this situation, it was difficult to obtain a representative indication of the associations; however, the values do provide a reasonable basis for comparison of the four measures, all of which performed comparably.
The MATRICS Neurocognition Committee reviewed the data presented in this article and concluded that because all of the potential co-primary measures performed reasonably well, it was difficult to make a narrow recommendation to NIMH and the FDA. A clearly stated objective for the MATRICS Initiative was to select a single consensus cognitive performance battery (the MATRICS Consensus Cognitive Battery) for use in clinical trials of cognition-enhancing drugs for schizophrenia. In contrast, the Neurocognition Committee was not asked to recommend any particular coprimary measure, and the committee did not do so. The Neurocognition Committee noted that if one needed to choose a co-primary measure for a clinical trial at this time, the UCSD Performance-Based Skills Assessment (with modifications to address the ceiling effect) had the advantage of a strong association with cognitive performance. A revised version of the UCSD Performance-Based Skills Assessment with adjusted difficulty level is currently available. The two interview-based measures were similar in structure, and their summary scores were highly correlated (r= 0.68; in comparison, the correlation for the two functional capacity measures was 0.30). If it was desirable to include an additional co-primary measure that reflects the interview-based approach, the Schizophrenia Cognition Rating Scale has the advantage of better tolerability and practicality, although it lacks domain ratings.
The evaluation and selection of co-primary measures raises questions about validity. The key concern of the FDA is demonstrating that a new cognition-enhancing drug affects cognitive performance and meaningful functional abilities. At present, evidence of content validity of co-primary measures may be more available than evidence of construct or external validity. That is, the content of these measures can be evaluated for its functional meaningfulness from the perspectives of patients, clinicians, and families. Further establishment of construct or external validity, including relationships to cognitive performance and community functioning, will take time. A related validity issue is whether co-primary measures need to be sufficiently distinct (i.e., involve different constructs) from cognitive performance measures. For example, some functional capacity measures resemble neurocognitive tests in mode of administration. However, at this point, distinctiveness of cognitive performance and co-primary measures does not appear to be a concern of GREEN, NUECHTERLEIN, KERN, ET AL. ajp.psychiatryonline.org the FDA. A co-primary measure could in theory be a modified version of a cognitive performance test (if it has content of clear functional relevance) or a modified version of a community functioning scale (if sufficiently sensitive to change within a clinical trial). At this stage of development, associations between co-primary measures and cognitive performance may be more critical than those with everyday functional outcome, given that improvements in functional capacity may still require additional rehabilitation in specific daily living or work skills to be translated into community functioning.
Representatives of the FDA indicated to the MATRICS Neurocognition Committee that any of the four co-primary measures would be acceptable at this point for use in clinical trials. However, given the early stage of method development in this area, the Neurocognition Committee expects that stronger measures using these approaches, or using entirely different approaches to assessment, might be developed. This is a fertile area and one in which developments are occurring at a rapid pace. The importance of functional assessment for serious mental disorders and its role in drug evaluation has been reflected in several recent developments. For example, a new program at NIMH, Functional Assessment in Mental Disorders, has recently been created. Also, a new academic/industry consortium (MATRICS-Co-Primary and Translation) has been formed to facilitate the evaluation of potential co-primary measures for use in clinical trials. Finally, NIMH recently sponsored a consensus meeting on functional assessment for psychiatric disorders (21) . Hence, the results presented in the current article should be viewed as a good starting point for evaluation, comparison, and discussion of potential functionally meaningful co-primary measures, with expectations that future developments will lead to improved tools in this domain.
